Specifications TableSubjectMaterials Science (General)Specific subject areaElectrochemical and electrostatic characterization of an energy storage solid-state device that is both a battery and a capacitor.Type of dataChart\
TableHow data were acquiredElectrochemical cycling\
Instrument: Battery testing analyzer (LAND, China CT2001A)Data formatRawParameters for data collectionA Li/ferroelectric Li-glass electrolyte/plasticizer/Li-rich, F doped LNMO coin cell. The cell was then allowed to rest for one month to optimize the interfaces and then put it into the battery tester at room temperature. The charge and discharge cycles were performed at a constant current of 23 mA g^−1^ with cut-off potentials of 4.8 V and 2.5 V. The cell was initially charged before it was discharged.Description of data collectionThe data was collected in a battery testing analyzer (LAND, China CT2001A) at room temperature. The charge and discharge cycles were performed at a constant current of 23 mA g^−1^ for more than two years and six months.\
The weight of the active material in the cathode is 0.25 mg.Data source locationInstitution: UT-Austin\
City/Region: Austin/Texas\
Country: USAData accessibilityRepository name: Mendeley\
Data identification number: Mendeley Data, V1\
Direct URL to data: <https://doi.org/10.17632/2rnw2ptbkk.1>Related research articleAuthors: Maria Helena Braga, Chandrasekar M Subramaniyam, Andrew J. Murchison, and John B. Goodenough\
Title: Nontraditional, Safe, High Voltage Rechargeable Cells of Long Cycle Life\
Journal: J. Am. Chem. Soc. 2018, 140, 6343--6352 doi: 10.1021/jacs.8b02322**Value of the Data**•The data presents the electrochemical behavior of a cell that optimizes while cycling, conversely to traditional batteries and capacitors; It is therefore of practical and theoretical interest to make these data accessible to facilitate comparisons.•The scientific and industrial community can benefit from these data while studying disruptive solid-state devices that are not traditional batteries or capacitors.•These data can be used to develop experiments with other ferroelectric all-solid-state electrolyte energy storage cells.•These data show optimization up to 466 cycles and subsequent degradation; it is, therefore, possible to study the complete electrostatic and electrochemical process.

1. Data description {#sec1}
===================

Electrochemical cycles were performed with a Li/Li-glass in cellulose/plasticizer/Li-rich, F doped LNMO cell as described in Ref. \[[@bib1]\].

The graph of the potential difference between the terminals of the cell versus the specific capacity of the cathode active material is shown in [Fig. 1](#fig1){ref-type="fig"}a and the correspondent table with the raw data for cycles 1--3, 25, 50, 75, 90, 100, 110, 120, 125, 128, 130, 140, 150, 160, 170, 180, 181, 190, 200, 210, 216, 218, 220, 230, 240, 250, 252, 260, 270, 280, 308, 290, 300, 310, 320, 329, 340, 380, 400, 420, 440, 460, 480, 431, 466, 480, 500, 520, and 535 is presented in data_Fig. 1a.xlsx.Fig. 1Cycling performance of Li/Li-glass in cellulose/plasticizer/Li-rich, F doped LNMO. Specific current: 23 mA g^−1^. The specific capacity, current and energy are per mass of active cathode material (layered-spinel composite); **a)** Potential vs specific capacity for designated cycles; reference to the cycling curves for chosen cycles; **b)** cycle efficiency Q~discharge~ × 100%/Q~charge~; black line was obtained by smoothing the experimental data using Savitzky-Golay method; **c)** specific capacity vs cycle number for charge and discharge curves; **d)** Potential at cycle' middle capacity and specific energy vs specific capacity.Fig. 1

The coulombic efficiency, defined as Q~discharge~ × 100%/Q~charge~, versus the cycle number, is shown in [Fig. 1](#fig1){ref-type="fig"}b and the correspondent raw data for all the cycles are presented as a table in data_Fig. 1b.xlsx.

The specific capacity of the active cathode material as a function of the cycle number is shown in [Fig. 1](#fig1){ref-type="fig"}c and the correspondent raw data for all the cycles are presented as a table in data_Fig. 1c.xlsx.

The potential at middle capacity for each discharge and specific energy versus the specific capacity of the active cathode material is shown in [Fig. 1](#fig1){ref-type="fig"}d the correspondent raw data for all the cycles is presented as a table in data_Fig. 1d.xlsx.

2. Experimental design, materials, and methods {#sec2}
==============================================

2.1. Synthesis of cathode host F-doped Li-rich spinel {#sec2.1}
-----------------------------------------------------

Nominal Li\[Li~x~Ni~0.5-y~Mn~1.5-z~\]O~4-x-δ~F~x~ with x = y + z ≈ 0.36, δ ≈ 0.36 (LNMO) was prepared. All chemical precursors utilized were 99.99% pure and purchased from Sigma Aldrich. The Ni~0.5~Mn~1.5~O~3-δ~(OH)~1+δ~ (NMO) precursor was prepared by a solvothermal method. The transition metal acetates, Ni(CH~3~COO)~2~·4H~2~O, Mn(CH~3~COO)~2~·4H~2~O and urea (chelating agent) were dissolved in 50 ml ethanol (solvent). The homogeneous solution obtained was then transferred to a 90 ml Teflon-lined stainless-steel autoclave and heated in a muffle furnace at 200 °C for 24 h. After cooling to room temperature, the slurry obtained was centrifuged/washed several times with ethanol, and vacuum dried at 60 °C overnight. A stoichiometric amount of ground lithium carbonate (Li~2~CO~3~) to lithium fluoride (LiF, 10% excess) was mixed with the product and heated to 800 °C for 15 h in air.

2.2. Synthesis of a Ba-doped Li^+^-glass electrolyte {#sec2.2}
----------------------------------------------------

Nominal dielectric amorphous-oxide (glass) Li^+^ electrolytes Li~2.99~Ba~0.005~Cl~1-2x~O~1+x~ with 0 ≤ x \< 1 were obtained in a wet synthesis as described previously \[[@bib1],[@bib2]\] from commercial precursors LiCl (≥99%, Merck), Li(OH) (98%, Alfa Aesar), and Ba(OH)~2~·8H~2~O (98.5%, Merck). The glass products were dried by evaporation of water at lower temperatures and the loss of the OH^−^ as H~2~O from the hydroxide crystalline precursor phases below 230 °C as previously shown \[[@bib2]\]; the reaction leaves an amorphous solid glass containing Li~2~O and LiO^−^ electric dipoles. The samples obtained after synthesis were ground with an agate mortar and pestle while mixed in absolute ethanol. Non-woven paper separators of about 40--60 μm thick were immersed in the electrolyte-ethanol mixture and dried at about 180 °C in an argon-filled glove box (MBraun, Germany).

2.3. Preparation of the cathode {#sec2.3}
-------------------------------

The cathode was prepared by mixing the LNMO particles with carbon Super P as conducting agent and polyvinylidene fluoride (Sigma-Aldrich) (PVDF) as a binder in the weight ratio of 8:1:1 with N-methyl-2-pyrrolidone (NMP) as solvent. The slurry was mixed in a plenary mixer (Kurabo Mazerustar, Japan) and coated on one side of double-sided carbon-coated aluminum foil. Finally, the cathode was dried at 120 °C overnight in a vacuum oven.

A mixture of succinonitrile (SN) plasticizer and LiClO~4~ salt in a molar ratio of 20:1 was heated in an argon-filled glove box (MBraun, Germany) to get a transparent solution. The LiClO~4~ was mixed into the SN, but the conductivity of the SN did not increase as much as expected \[[@bib3]\] owing to not melting the LiClO~4~ prior to mixing it with SN. The cathode was prepared by dropping the solution of succinonitrile-based material that was heated to T ≥ 57 °C onto a prepared cathode surface that faced the glass electrolyte in a paper matrix. The prepared cathode consisted of oxide-host particles and carbon contacting the cathode current collector. The SN coated the entire surface of the active cathode particles without intruding into their contact with the cathode current collector. After cooling down to room temperature, the succinonitrile-coated cathode was flexible. The weight ratio of the cathode to the SN was 7:3. The loading of the active cathode material on the aluminum foil of the all-solid-state cell was 0.25 mg, which corresponds to about 0.35 mg cm^−2^ (diameter: 0.95 cm) of active material.

2.4. Cell assembly and testing {#sec2.4}
------------------------------

A half-cell with the afore-prepared cathode and Li-metal foil as anode was assembled. A circular lithium-metal anode with a 1.2 cm diameter and 0.2--0.3 mm thick was deposited on stainless steel and then covered with a paper matrix containing the glass electrolyte (thickness 40 ≤ d ≤ 60 μm). Finally, the cathode coated with SN was added as well as a spacer and spring. We used half a drop of 1 M LiClO~4~ in propylene carbonate (PC) and diethyl carbonate (DEC) 1:1 to facilitate the contact between the paper and the cathode SN-surface; no excess liquid was ever found in the cell; and when cells were opened after cycling, the paper was strongly attached to the SN surface of the cathode coat making it very hard to detach.

The cell has been tested electrochemically at room temperature in a battery testing analyzer (LAND, China CT2001A) at constant specific current density (23 mA.g^−1^) and potential between 2.5 and 4.8 V.
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